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IIil]ary radio pulsars are su])erb tools for mappi]~g  binary orbits, bccause of the precision

o f  th[~ pulse timing methocl.] ‘1 ’0  date, all  orbital  ]Jaramciers  for binary l)ulsars lIave

I)CWII clcrived from observations of thc pulsar a]onc. ‘J’lIc only know])  pulsar in the Smal l

Mage]lanic C]oucl  (SMC), l’Sll. .10045 - 7319 , was cliscoverc!c] in a systematic seard for

raclio  pulsars in the Magellanic  Cloucls. 2 It was rcccntly shown~ to be in a 51-day binary

orbit c)f Eccentricity 0.8. ~1’he pulsar’s mass function of 2.17 M,., implies a minimum

companion mass of 4.0 MO) for a ] .4 MC) pulsar. Since the maximum mass for a neutron

star is 3.0 hflc), 4’5 the compal]ion must be either a b]ack IIOIC or a massive non-clcgeneral.e

star. ‘J’lJc:  111 V star iclcmtificd  at tlIC position of tllc pu]sar is a strong candidate for tlIc’

companio]l.:{ IICIW we dcscrihe tflIC first observat ions  of  the! raclial  velocity of a binary

com])anion to a raclio p u l s a r . Our results  Llllallll]ip;Llollsly  prove that the Companic)n  to

the pulsar  l)S1{ JO045- 7319 is t,hc lIIV star identified by Kaspi  rt c(I. (1994).  ‘1’he m a s s

ratio of tlllc systcm is 6.3 3 1.2, which, for a neutron star mass of 1 .4 N4cJ, 1s Collslstellfj
.

w i t h  the Inass expected for a 111 V star.

to witllil] six stxllar  radii froln  Ll)c star at ])criastrol). At radio \\J:I\’(lcJIIgtlIs,  cfl”wts that woulcl ~arj

\\Tit]) ~rl.)it,a] ])1 Iasc illc.ludc dis]xmio]], scattcIiIIg  aIId al)sorptiol)  o f  tlI(J  ])lIlscd  clllissioll.  IIoll’cvf’l’.

tllc  only  c)ll)ital-])lla  sc-(lcl)cllclcllt  variat ions obsmvd  aI( .syst,~lll;lt,ic  fr(xl[lcllc,>’  illdq)ml(lellt  iinlillg

residuals wit]l  rml)cxt to a Kq>lcrial]  c)rl)it.6 ()])ti  C:lll’j’,  tll C Star sllo~lld  slloi~’  ladial  Vclocit}”  vdliat,iolis

IYitl I aII  alllj)litudc  of a])l)lc)xil[)atc:ly 3(I kIII s-] . 1[ IIas a l s o  h(u) sll~?)(%t(d  t h a t  tl)c colllj)anioll  II)a)”

exl]il)it  rcsol)al)t  flux variations excitc(l  by tl)c cxc(lltric  orl)itj.  ~ I II coIItrast,  if tile  true con)panio]l  is

a  black  IIOlCs aIld the  1]1 \/ star is lIot  associatcxl,  IIollc of tlI( al)ov(’  (([ ’((is slIolll(l  I>(’ ol)scrv(d.



g. IIc)]  ct aJ.

II] ‘or(lcr t o  s(:arc]]  for Ll)(w radial  v(locily  laria(iolls.  sl)r(tra I)avillg a rcsolut. ion” of ().fi~l.:~  ])(:’l’

l)ix(’1, with  50(IA cultrcd o]t 3900fl  l~crc ol)tail](d at IIill(’ (’])()(11s  IIsillg tllc  Austral ian Nalio]lal

~Jlliv(:lsi[,~r’s  2.3 ]]) t,c]m(o])c  at sidil)p; s])ring, NS\\~ .hl]st  ]i]]ii]. ‘1’IIc (m:’g(II (lolil~]ct  a t  3i28]\  Irotll

a Surrolllldillg  1111 rcf;ion Was Ilsd as a radial vc]ocitj’  Still  l(lill’(1. II(liull)  argol) arm JVCN usd t o

(l(:tjclJl)iJlc’tlllc  dis])crsion. l{adial  ~~clociti  es~!’cl(c)l  )tlail)c(l  lJJ’ l``()lll'iCl` Cl`OsSK()l'l'('  liltiC)llOf  ill Cs])[`(tl'il.

Witf]) tllc I>i])ary p e r i o d ,  lol]gitllclc and c])ocl I of ])(’1’iiistl’oll aIId (:cc(lltricity  dctcrlllillc(l fro]ll

radio ol)scl\~i~tiol)s,” 6 illc s y s t e m i c  radial v e l o c i t y  all(l il]ll])lit[l(l(’  of 111(’ COlll])illliol)’S  raclia] lrc]ocitj

\’ill’idti  Oll wcw dctcrn]il)cd  using a least squares fit to tll(I ol)s(’1’i’(xl  veloci t ies .  ‘1’11(’ fit to tll(’ radial

I’clocity Curve  i s  Slloivll  ill ]“igurc 1 alol Ig; w’itll tl]c ]’CSidllillS  alI(l  tllc  ])ulsar’s  radial v e l o c i t y  cllll(’.

‘1’llis fit g;iv(:s  a l)l:lss rat io of 6,3:1 1.2. 1“01’ a llcutloll  Sti l l ’  IIlass:] of 1.4 Al,.,, this gi\’cs a collll~allit)ll

lIIiiss of 8.S 4 1.8 h4~, and an illc.lillatioll allglc  for the I)illar)’  01 44 3 5 (Icg]ccs. ‘IIIIC  drri~’(d  ll)il SS

is lnargil)ally lower tllar) tllc typical  lllass  of a IIIV star, *II MC).10 A  p,oo(l tmt of tllc stal)ilit~

of sllcll  :1 fit is to I’C1l)OVC  tllc  poil)t,  tl}iit al)l)cars  lnost C1’11(’iii] and  cllwk l]olv  IIluc.11  the ])aral))ctcls

cl]a)lgc  I.)y. Applying;  this test by rclllo~’illgtl)c  ])oillt just aftclorljita]  ])l)asc zero, 0111>’  Cl]allg;cs  tll(’

fitted ])alalllctclsl>~~  12%.

A  kcy illl])lic.ation  istl)at tllcwilld  oftllccc)l)~])allioll  is t~]~(lolls[()]]l])ill(~l  wit]l tll~)s(~)ft).l)i[ill

(Jiilactic 11 stars, a s  w a s  s u g g e s t e d  l)y Kaspi  ci al. (19(M). Sclcctioll  lllay  ])lay ii ro]c licrc,  as l)igllcr

~tc]]al.  ,~i~,d (l~q~sit,ics ~~lig])t  ]lav~ lcJIc]cIG(]  t]lc 1)111 S:11’  inl. isihlc  as ill tll~ (’~ls(’,, of 1’s1/ 1112.5!)  63 11(’al’

l)eriastrc)]). ‘] ']`llc(lcri~~c(l  lotiitiollal~'  cl()cityf( )ltllcc()  lI)l~:ll)i()llis  28(J:t 201< I))S -1. AlliglllC)t~ltiollill

vcloci!)~~  for tl)c companion is  cxpcctd,  sil)c.c  tltcs(: rotlatiollal  vdocitim arc Collllllol]  .311”loll?;st  mail]

‘2 for Illis  t}’p(’  of sj’stclll  illtol~’(’  lllil  SS Lrallsf(’1 fl’olllSC(lLICIIC(’  111 stars m]d cl’c)l~}tiol)zll.~~  sccl)arios

tllc ])ulsar  progp)itor  to the companion, \\l]lic]l  serve  to s])il)  it U]).

Wcfil)d  tllcraclial  vclocityof  the  com])al)ion  to bc 10  II 7 kln s - l r(~lativc to tl)c  sllrroull(lillg

llcl.)u]a NGC/ 248 (N13A -I  N1311).  ]:3 ‘J’IIc l]cliocclltric  ]iidii\l ~clocity o f  127 :1 7  l(n) s-  1 for A’({(:

~tj$j  ~olll])a~~s w~]l \\rit]l t])~ l)j~:vio~ls]y lIl~~sul~cl \}a]ll(’l’i of 131 + 2.5 1<111  S - ] .  ‘ 1 ’ 1 1 ( ’  I)clioccntri(

v(:loc.  ity of t]]c l.)inary  systc  III of I 17 j 7 kIII s- ] i s  collsistcllt  \yitll tlIc (Illct:ltilillties  wit])  tlIc 167

:1 40 kln s--l, cstilljat,cd froln lo\v dis])crsioll  spcctl’d. ‘ { ‘I1l  IC IIcliocclltric  veloci t ies  of both tlIc 1’S1{

JO045 7319 I)illary al]d N(; C ’248 arc solnclvllatl  less tlId II III( lllCi\ll IIcliocclltric  radial \clocitj’ fol’

t!llc SMC’5 of 160 km s-’ . IIowcvcr,  ~vl]c]] OI]C considers  radial  vclocitim  of tl)c  four COIlll)OIICIIt  S

of  tllc  ~NlC,15 -45, 28, 9 and 30  km s- ’ (relati\c  t o  tl,c IIICaII),  tl)c clifl’rrcllcc i s  ]lot  surprisil,gj.



of l)S1{ J()()45 7319.

‘ill IC rmlllts  outlind

{/ O/.’{ is tJIIe C.olll])al)io]l

lIcrc ])rol’ide Il]l:illll)ip,llc)lls  eJidml(c tlI;It  tlI( Ill\’ stal idc])tifi((l  I)j ]<as])i

to l)S1{ JO015  731{1,  tiII(l  III]( o~lt a I.)lacl< I)oIc coll)l)alliol)  a s  l)]o])os(YI l))

l,il)unov  ci 0/. ( 1 9 9 4 ) .  ‘i’llcfacl tl]at liokllo~t’11  ];t(lio])tllsa]lt;ls  a l)l?lCli  l) C)l(’CC)lll]):l  lli[)ll  111( ’:111S 111:!1

\\T~ ],fiv~: ]1o (]~flllit,iv~  ploof  t,]lat, SUC])  svst,ellls (:sis(,,  (Ics])it(,  t]lc cxist,cllc(~  of ol)iccts  SuCll as  (; Jrglllls

X-317 w]licll  ]]ligllt l.mcxpcxtd  to forIIl  a I)lack lIolc-Il(wtro  II s t a r  I.)illary  ill tl)c  futuw. ‘1’llis  n)ig;llt

I)c I.)ccallsc  l)iliarics  colltail)ing  black  llo]cs  are particularl~’  sllsccj)t il)lc to coalcscc]lcc  duril)g tllr fills]

(0111111011  -( JII\~clc)l)c”  plIasc of tl)cir cvolutiol]. llo\\Jc\’cl’t  ll(’(’s])(’(”t(’(l  llLlllll)(`l`  () f`()l)scl'\'tll)  lc])Llls:ll'  l)ltl('l<

IIo]c l)ill;(ti(>sg;i~~cll  tllc  statistics  of tl)c k])o}v])  ])ulsar  ])()])lila Li()IJ  is OI)ly of tl)c order of 01)(:. ]8]:)
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